The global response to the increasing water scarcity in the last twenty years has been water policy reforms directed towards the implementation of integrated water resources management (IWRM).This was expected to promote the coordinated development and management of water, land and related resources in order to maximise the resultant economic and social welfare in an equitable manner without compromising the sustainability of vital ecosystems. This paper interrogates the applicability of the model in the context of a changing climate using literature sources and personal experiences with the model. The paper summarises literature at global level that supported the adoption of the model and literature that has in the past five years questioned the suitability of one type of prescription for varied and complex catchments. The adoption of IWRM has promoted stakeholder participation at catchment level and in a way improved water allocation mechanisms basing on the water that is available. However, little consideration was given to the host of other factors including climate change and the complex definition of sustainable development. The paper further demonstrates how this model of water resources management is unlikely to work for different social and environmental contexts.
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The global response to the increasing water scarcity in the last twenty years has been water policy reforms directed towards the implementation of integrated water resources management (IWRM).This was expected to promote the coordinated development and management of water, land and related resources in order to maximise the resultant economic and social welfare in an equitable manner without compromising the sustainability of vital ecosystems. This paper interrogates the applicability of the model in the context of a changing climate using literature sources and personal experiences with the model. The paper summarises literature at global level that supported the adoption of the model and literature that has in the past five years questioned the suitability of one type of prescription for varied and complex catchments. The adoption of IWRM has promoted stakeholder participation at catchment level and in a way improved water allocation mechanisms basing on the water that is available. However, little consideration was given to the host of other factors including climate change and the complex definition of sustainable development. The paper further demonstrates how this model of water resources management is unlikely to work for different social and environmental contexts.
IWRM climate change sustainable development catchment Background
Water is life. Water is of direct interest to all sectors of the economy and the society. It is ubiquitous and in constant movement, changing from solid to gaseous and to liquid and in varying quantities and qualities within different locations of the global and catchment space. Its availability, the way it is managed and used has direct impacts on socio-economic development of any country. To this end improving the way water is managed unlocks great potential and value for equity in water use and the participation of different water users at catchment level. The global trend in the last twenty years has been the preference for the heavily funded integrated water resources management (IWRM) as a prescription for all water issues in different social and water management contexts. But what is the source of this model/ paradigm that has standardised water management at the global scale? Merrey (2007) has even taken a more radical position calling for the priests of IWRM to abandon ship and come up with new approaches to water resources management. Whilst acknowledging it as the systems approach framework it was no longer a feasible approach to water management. Why would this attract controversies among the believers in the ecosystem approaches and its application to water management? It is on the backdrop of the numerous questions raised on the performance of this water management model that this paper broadens the discussion on the issue with the overall view to propel working towards a more feasible model.
Since the major conferences and publications on environmental sustainability in the 1970s, 1980s and 1990s such as the United Conference on Environment and Development (1972) and Agenda 21(1992) questions pertaining to water management have received considerable attention (Loris, 2008) . Attaining sustainability in water resources management became a priority objective for the global water community and national governance though with limited knowledge of the best practice of water resources management. Water as a cross cutting issue needs a holistic management approach that take into consideration the water users and the environment in a more engaging and systematic way. During the same time that the world was at loss as to a suitable water resource management structure integrated water resources management with its roots in the developed world was promoted and adopted blindly by most states in the developing world as an ideal framework for attaining sustainability in the water sector. One may have to cautiously recognise that during the time immediately after the Rio Earth Summit in 1992 capital resources and intellectual force was driven towards attaining sustainable development as a major priority for economic and environmental planning.
It is imperative that one comments on the origin and evolution of the concept of integrated water resources management its principles and practice at global level. However, caution must be exercised as the debate on its origin transcend generations and political and social contexts that it may require a full paper on its own. This paper only provides some highlights so that the discussion of the model is viewed in the perspective of current practices in water management. There is confusion in literature with regard to the origins and evolution of IWRM. Biswas (2008) views the approach as institutionalised and integrated over centuries whilst Swatuk (2002) thinks it emerged in the 1990s and has since then shaped water reforms, in among other regions Southern Africa. There is evidence in literature that this model started in the north with specific cases from the Tennessee Valley Authority in the United States of America (Tortajada, 2005) and in Valencia in Spain as early as the 10 th century (Rahaman and Varis 2005) . IWRM became a dominant paradigm in the 1990s. Molle (2006: 18) suggests that while in many respects it is "old wine in new bottles," there are important changes too: issues that had been seen as minor in the past became more prominent, for example, pollution, aquifer mining, and the need to involve stakeholders more actively. There are also arguments that link the birth of the model to Mal de Plata Conference of 1977 which gave birth to the internationally coordinated approach to IWRM. This international coordination of the management of water resources was strengthened by the Dublin Conference in 1992. The question is then why adopting old styles of water management as current standard procedures? Biswas (2008) further interrogates why an old concept suddenly became popular in the 1990s, to an extent that some people and institutions even considered it to be the 'holy grail of water management'. Two major reasons were advanced from this question. Perhaps one of the major reasons was the simplicity of the concept in terms of appeal to water professionals. IWRM gives hope to the notion of comprehensive and holistic approach in water resources management simplifying the complexity of the catchment as a water resource management unit. The second reason and the major driver of the approach has been the availability of donor funds for research and training in water resources management. The prominence of such approaches hinges on the willingness of the donor community to support research in IWRM and the establishment of institutions that manage the process. The recycled approach has thus, reached its peak basing on the donor capacity to keep the bandwagon rolling with little change in the practice of water allocation and management and it is dawning on water professionals that there is no visible progress. Water management is not an exception from the recycling of ideas occurring in other disciplines and sectors of the society.
The theory of liberalisation in the post bipolar world had a tendency to dominate scientific thinking through repackaging of old ideas that the modernists had earlier on regarded as backward and unworkable. Community involvement in resource management has always been a characteristic feature of African communities. It is time for those bankrolling the approach and those avid believers of the approach to ask questions of validity and applicability of the concept. Why would practitioners abandon water management approaches that have worked for centuries and run on the IWRM gravy train? Perhaps old styles had become boring and mechanistic. There was also the inevitable reduction in rainfall in some regions and increasing water scarcity that old styles were unable to resolve. From a sociopolitical perspective the world had become unipolar and the theories of liberalisation had taken centre stage and the state was expected to have less control on natural resource management. Has this actually come to transpire as the different states reformed their laws and policies to accommodate IWRM?The discussion on this line of thought would requirea full interrogation and is not the subject of this paper.
The philosophy of integrated water resources management currently drives water management thinking at global scale due mainly to the absence of a viable option within the context of sustainable development. Water policy reforms have been driven by this thinking and have dominated policy reforms in recent temporal and spatial scales. A good example is the Zimbabwean water policy reforms where catchment and subcatchment councils replaced the centralized form of water management that was based on water rights. This master solution for all has in the past six years attracted criticisms as frustration builds including among the revered protagonists of the philosophy like Biswas (2008) . Clausen (2004) argues that the approach should suit the country contexts and that there should not be one 'size fit all approach'. Is this feasible when the north is commanding the process and the south complying in an assumed beneficial partnership in water resources management? How applicable is this model in volatile political contexts? This will certainly deserve an international relations approach to discuss the meaning of these partnerships in the context of water management. The discussions in this paper revolve around the applicability of the approach through a meta-analysis of some of the rich record of literature that exists on IWRM. The debate emerging out of the seemingly increase of critical reviews of the model would require a long term comparative study of different water management contexts and its relevance to improving the management of water resources at local, national and global level. It is not within the scope of this paper to discuss all the issues pertaining to the use ofthe model but to give pointers towards the improvement of water management systems and to operate outside the box. The paper is divided thus into four major sections namely; the background, the conceptual framework, the implementation framework and the limits of the model.
The conceptual Framework

What is Integrated Water ResourcesManagement?
The concept of integrated water resources management (IWRM) was born of the realisationof the limitations of existing water policies to address critical water sustainability questions such as;
• How can sustainability be attained in water resources management?
• How can the demands of water users be met at different spatial scales of water management? • Howcan innovative water management systems address the issues of water scarcity and availability? • How can water management be more inclusive and responsive to the changing sociopolitical systems of the world?
The responses to these questions could have propelled the water professionals to revisit their practices and admit water is for every one not the technical personnel only and more so the centrality of the state in water management. According to the Global Water Partnership (GWP, 2000) IWRM is 'a process which promotes the coordinated development and management of water, land and related resources in order to maximise the resultant economic and social welfare in an equitable manner without compromising the sustainability of vital ecosystems.' This definition is broad and all-encompassing but with little practical resonance on the present or on the future water management (Biswas, 2008) . This type of criticism of the concept demonstrate the confusion that is related with the use of the integrated water resources management as a strategy to manage water resources with little regard to the process of learning that improves water management.
The definition is precisely a concoction of vague and confusing concepts which makes it difficult to interpret and to implement. Biswas (2008) alleges that its popularity has to do with its vagueness since people can continue to do what they had done before or are doing at present. The form of the phenomenon has changed but the content remains the same because perhaps the change drivers remain stuck in their old technical practices water resources management. The definition is wordy and though it gives the impression of a complex system the management processes for such systems are often not well defined.
The key threads from the definition include maximise, economic and social welfare, equitable, sustainability and vital ecosystems. These concepts need some clarifications before one can present its major characteristics. The challenge with 'maximise' has to do with choosing of the parameters to be maximised and using what methodology to select them. This concept underplays the complexity of the issues involved in the space time changes of a particular catchment and in particular the mosaic of experts that should be involved. Economic and social welfare is grossly broad and constitute a complex in the practice of water management. The definition refers to equity in water resources management but this poses the greatest threat to water availability in its varying spatial change at catchment level. How does the issue of equity take centre stage when the paradigm is driven by water experts whose roots are found outside the realm of the indigenous technical knowledge framework of the catchments to be managed? Similarly, the use of sustainability in the definition presents challenges to water management. The definition also makes reference to vital ecosystem which prompts one to interrogate whether there are other systems that are not vital and how these can be classified? The concept of integration make it more complex and confusing as there are so many aspects of the river catchment that need to be integrated, the stakeholders and their various functions, the ecosystems, surface water, ground water, government agencies, legal and policy frameworks. The list is endless and thus the approach to this could be more problematic to define. Some of the limits of the concepts will be explained later on in the discussion. In the developing world the converts to this have been attracted more through money associated with researching in this area rather than the passion for integrated water resources management. There is already an excess baggage of graduates trained in IWRM who are already misplaced and have not found a home in the water fraternity.
The Principles of IWRM
There is a tendency in literature to argue that the principles explained below have their roots in the Dublin International Conference on Water and the Environment (1992). These familiar and virtually universally recognised principles are:
Freshwater is a finite and vulnerable resource, essential to sustain life, development and the environment.
Water development and management should be based on a participatory approach, involving users, planners and policy makers at all levels. Women play a central role in the provision, management and safeguarding of water.
Water has an economic value in all its competing uses and should be recognised as an economic good. These are some of the critical principles buttressing the IWRM model and in themselves complex and difficult to achieve in countries of the South where the institutions have no capacity and are poorly organised. A great part of the resources are spent on institutional reforms at the expense of actual mitigation and adaption to climate change. To better understand these principles and the paradox of climate change it is important to examine the definition of climate change
What is climate change?
The definition of climate change is explicitly controversial. Bates et.al (2008) describe climate change as an altered state of the climate that can be identified by changes in the mean and/or variability of its properties and that persist for an extended period, typically decades or longer. On the other hand the Intergovernmental Panel on Climate Change (IPCC, 2007) defines climate as change due to natural internal processes or external forcings or to persistent anthropogenic changes in the composition of the atmosphere or in land use. Differences in semantics may cause problems and confusion when dealing with the concept of climate change. In the former is the issue of the alteration of the state of the climate and that is perhaps observable over a long period of time. Crudely, accepted may mean shifts in total annual rainfall that will amount to climate variability. The definition is not clear on the cause of such changes. The second definition anchors on the idea of internal processes and external forcings. Climate is a system characterised by determined internal movements as driven by the major climatic variables of temperature and rainfall. This change is then a result of external forcings. External forcings refer to a forcing agent outside the climate system causing a change in the climate system. These could be variations in solar radiations, volcanic eruptions and changes driven by human beings (anthropogenic) and their series of productive systems that emit pollutants of various characteristics into the atmosphere. The definition is equally broad but more precisely climate like any dynamic system has been changing since time immoral but the current concern has to do with the human contributionto this change and the capacity of human systems mitigation and adaption to the rapid on setting system disturbances and disruptions.
The Implementation of IWRM
The IWRM framework proposes a holistic approach that encompasses the spatial, social, participatory, administrative, and organisational and sustainability aspects of water. It is a negation of the traditional sectoral approaches that were highly technical and centralised. What has this 'new' water management paradigm done to the water sector? This framework is believed to provide a more informed and inclusive management of water resources that has facts about water scarcity, service efficiency, water allocation and environmental protection. The next question should be how does this favoured paradigm deals with the issue of water scarcity in the world where the climate is changing and water utilisation increasing? How does the introduction of a more cumbersome water management strategy deals with the issue of climate change and its impact on rainfall quantities? These questions are difficult to answer in the context of IWRM since this is a learning process where water practitioners continue to encounter problems. This subsection discusses the implementation framework for IWRM.
IWRM entail an amalgam of issues that are difficult to resolve in the short to long-term. Unfortunately, while much lip service has been given to this concept in recent years most of the published works on the subject are somewhat general or a continuum of earlier "Business as usual" approaches with trendier label of IWRM (Biswas, 2008) . If this concept is to work at local and international levels water managers and professionals have to address complex real life puzzles in water management. Failure to address these complex issues will see the concept fading thrown into the dustbin of history with no vivid footprints.'
Water management is usually characterised by shifts in management strategies accompanied with pronounced antagonistic water conflicts. Each management strategy adopted enforces among the users determined types of social relationships in relation to water utilisation with impacts that may hinder implementation of water policy. Perhaps the problems of water management are hinged on a clear understanding of how the social networks within catchments influence on the effective implementation of water policy. Human beings relate to the environment in various forms whose bearing is manifested in deferring signals that seem to elude the water managers. The nature of water resources research has been such that the focus is on what had already transpired and the current scenario. While this is important for water use and management forecast the approaches used tend to limit themselves to quantitative techniques with limited exploration of the social and policy perspectives to the issues. In pursuance of such approaches management strategies have shifted from purely technical approaches in the past where the trained water professionals had the major say in water planning and decision making with limited inclusion of the water users at catchment level to the integrated water resources management. Recently, the approach has been attacked from different perspectives with limited attention given to all the components of the approach and its impact on water resources management at catchment level. In this ensuing debate on the appropriateness and effectiveness in water management there is need to model some of the options that improve accountability and transparency in water management at catchment level.
There was consensus amongst water administrators, legislators and academics that the sectoral water reforms wantedreforms (Latham, 2001 ). This was strengthened by the increased water conflicts at global level concerning the management of water. Two major aspects of these problems involved the alarming rate at which water supplies were being depleted and the conflicts arising from competition in allocating the scarce water supply. In addition, a common problem among developing countries was the lack of guidelines for the development of water resources and for the distribution of water among competing users." An examination of the governance of water resources is worthwhile, as there is a water governance crisis in the world (Global Water Partnership 2000) . Literature on governance of natural resources that fall into the category of multiple use common pool resources, such as water, has highlighted the criticalness of putting in place clear governance structures and mechanisms in relation to the utilization of the resource. A direct relationship between good governance and the sustainability with which that resource is utilized has been suggested (Edmunds and Wollenberg 2000) . Good governance has also been seen as delivering political dividends at the societal level. When people participate in decision-making over issues affecting them, participatory democracy is assumed achieved . In turn this nurtures selfreliance and self-esteem as people feel that they are engaged in their own projects, which may lead to financial and material rewards accruing to the participants.Perhaps the most important issue to emerge from the debate by stakeholders over the last several years was the need to move away from a rigid and centralized system of water allocation by government to one where users have greater control over water and its management. Driving this process was a perception that greater equity in the access to and development of water resources was not only desirable but also necessary in the national interest.
In the process of correcting these historical imbalances the water management strategies have generated new dimensions in water problems including issues of access to the resource, local participation in water resources planning and allocation, the issue of gender equality with reference to water, the environmental requirements of the water resource, the socio-economic value of water and above all the scarcity of water in the global scale due to the influence of climate change and increasing and competing demands for water. Whilst, conventional water resources management in most countries used the water rights system attached to land ownership the recent water sector reforms have favoured an integrated water resources management approach as the major driver for attaining sustainability in the water sector. In this regard the water sector reforms in southern Africa and other parts of the world have been influenced by the IWRM approach as the most ideal in resolving issues of water allocation, planning and availability. This study interrogates some of these water sector reforms and how these have changed the practice and relationships of water management.
With growing population and limited water resources, there is an increasing need worldwide to manage water resources better. This is especially true when all or nearly all water resources in a basin are allocated to various users. To this regard policy decisions are usually made to improve the management of water resources particularly so to resolve situations of scarcity. The concept of IWRM though proved to be a recycled (Biswas, 2008) one became the most popular with international donors and thus policy transformations that took place in the 1990s were influenced by this type of thinking. The IWRM paradigm was expected to fulfil the demand for environmental sustainability which is equally complex and vague in definition and practice. It is important to take note of the close association between sustainable development and the goals of IWRM.
The sustainability agenda has reinvigorated attempts to better manage the water environment through appropriate policy making and integrated planning strategies (Loris, 2008) . The meaning of sustainable water management has changed from simply meeting quantitative water demands to concerns about water quality and to the integration of spatial and temporal scales of multidimensional water issues. The translation of sustainability principles from theory to practice of water resources management has often been contentious and essentially inconclusive business particularly because of the difficulties in breaking the link between economic growth and water demand and the reluctance to incorporate issues of fairness and community involvement into decision making process (Syme and Nacarrow, 2006) .
The water policy reforms in Zimbabwe like the rest of the world were premised on the use of hydrological boundaries in water resources management, decentralisation of water management, stakeholder participation and the treatment of water as an economic good (GWP, 2000 and Mtisi, 2011) . These essential principles of IWRM were crafted into the new laws with the anticipation to redress colonial injustices in the water sector ( Matinenga,1999 ,Manzungu et.al 1999 and Bolding et.al 1998 and at the same time to embrace the global discourse of IWRM which was actively promoted in Southern Africa by the GWP (Mtisi,2011) . The literature preceding the year 2000 profusely argued for the adoption of the IWRM model as a means to achieve sustainability in complex catchment systems. Inception assessments for the IWRM were for the paradigm with little regard for the complexity and uniqueness of the different hydrological zones in the country and how this would impact on sustainability in water resources management. The appropriateness of adopting such a nebulous concept in different socio-economic contexts remains a mystery and the resultant impacts of the reforms raise a number of queries with regard to the impact of these policy reforms. The 1998 Water Act in Zimbabwe for example was promulgated to improve equity in access to water and the sustainable management of the resource and the success of this have received limited examination.
The decentralisation framework for water management was drawn from the theoretical appeal of decentralisation which postulates that a more decentralised framework is more exposed and therefore more responsive to local needs and aspirations (Mtisi, 2011) . The general trend in literature on decentralisation was the inherent belief in accountability in water resources management at the local level as this was understood to promote participation and representation of different water users and to generate revenue to finance decentralised institutions. Participation in this regard implied also the recognition of women in water resources management and that water has an economic value and is a finite and vulnerable resource essential to sustain life. The principles of IWRM appear to be noble but their application to real life situations require a coordinated effort which usually is out of the realm of water professionals. Merrey (2007) provides a candid description of what the IWRM 'dogma' can do and what it cannot do.'To summarize the argument so far: as a systems framework for explaining and researching the interconnectedness of people, ecosystems, hydrology, and the like in a river basin, IWRM is a very useful broad and fuzzy intellectual tool. As a framework for educating professionals and laypersons it is also very useful. IWRM is also a useful way of creating a community of professional researchers and practitioners who have a set of shared values as one observes in southern Africa (van der Zaag 2005). But many people also perceive IWRM as an important guide or blueprint for implementation in developing countries. However, there is a growing critical literature questioning this faith in IWRM.'The implementation of the model has social, economic, biophysical and political challenges. The social aspects of a river basin have not been fully conceptualised as these are overshadowed by the technocratic type of thinking that continue to dominate water resources management. Each river basin has a social context that needs clear understanding and how this can be exploited to improve water resources management. This has to be addressed in the context of climate change as it has a bearing on water allocation.
The Limits of IWRM
Water is a basic human right and as such must be managed in a coordinated manner with shared responsibilities towards the development of new water sources and its allocation within a catchment. Whilst there is much agitation towards the adoption of IWRM and in particular to increase the participation of water users people continue to be irresponsible with the environmental aspects of water management. Loris (2008) notesthe scepticism particularly in the developing countries regarding the impact IWRM on the social and economic demands and lasting environmental degradation (Swatuk, 2005) . Legal transformation in itself is not adequate to address issues of equity and social responsibility in water management. It should be remembered that all the legal changes have been based on the principles of IWRM. It amounts to legalising controversy under the guise of sustainable water resources management. Little attention has been given to operational problems and political disputes on the ground. How do you separate the issue of water management from the political rhetoric? Politicians are known to take advantage of water projects to gunner support from their constituencies.
The environmental benefits are hinged on the use of the ecosystem approach in water resources management. However, the representation of the ecosystem within catchment councils is not feasible although there has been reference to environmental flow requirements and when considering water utilisation. It remains to be seen how water users at the catchment level recognises the importance of environmental flows. The agricultural sector is the major user of water and also the major source of non-point pollution. The disruption of the allocation of water resources to this sector has profound consequences on agroeconomies. However, such allocation must be integrative and inclusive when making decisions for water allocation. Similarly with regard to water supply and sanitation the issue of water security should be central if water poverty levels are to be addressed. It is hypothesised that at the local level improved integration of water resource management could lead to greatly reduced costs of providing domestic water services.
Conclusions and policy implications
The IWRM model has been adopted as the standard for water management in the last twenty years. It has been argued for and assumed the most suitable approach that can help nations to attain sustainability in water resources management and this has been heavily funded and marketed. IWRM adopts the ecosystems approach to water management and provides a viable framework for a holistic analysis and management of water resources at river catchment level. However, the model has been viewed has having epistemological problems regarding its meaning and interpretation. The key principles of the model recognises that water is finite, the need for participation of water users, gender balance and water as an economic good. These are equally complex and difficult to achieve in real terms
The finite and vulnerable nature of water leads to competing demands and conflicts among users and yet many still lack access to adequate water supply for basic needs. The resultant effect is one of demand outstripping supply and posing challenges to sustainable development and the attainment of Millennium Development Goals (MDGs) unrealistic. The most compelling scenario with particular reference to urbanised catchments is the pressure exerted on the limited resource by a variety of characteristically hungry and irresponsible users that aim to satisfy their own water requirements at the expense of sharing the resource at basin level. The response to the increasing water scarcity has been water policy reforms through the implementation of integrated water resources management. The overall expectations from such water policy reforms is positive behavioural changes with reference to water utilisation in the context of climate change and the ensuing dwindling water resource stock. Little attention has been given in literature on the catchment as a unit of water management and a complex that represents an intersection of legal frameworks for other natural resources particularly the land.
Water conflicts have been the order of the day putting to test the applicability of the model of IWRM. This makes sustainable planning of water resources difficult since its availability from one catchment to the other is highly variable. Solutions to water problems depend not only on water availability, but also on many other factors, among which are prevailing socio-political conditions that dictate water planning, the biophysical conditions of the target catchments and level of environmental awareness among water users. Water problems are cross cutting issues that cannot be resolved by water professionals alone. They have become more complex and interconnected with social, economic, environmental and political issues at the local and national levels as well as the global scale.
